In spite of the long history of therapeutic use of buds from different birch species in folk medicine the existing information on their chemical composition is insufficient. The main goal was to develop a method for GC-MS determination of the chemical profile of birch buds as well as their antimicrobial activity. 150 substances of different classes were identified in Betula litwinowii buds. The volatile elements of the buds were mainly represented by sesquiterpene compounds. Ether extracts also contained other biologically active components such as flavonoids and triterpenoids. However, a particular feature of this fraction was the high content of sesquiterpene phenylpropenoids, including esters of ferulic and caffeic acids with caryophyllene-type alcohols that had not been previously found in any biological samples. Apart from carbohydrates, a series of free amino acids were detected in methanol extracts. The antimicrobial activity of the ether extracts of the buds was observed against all of the microorganisms tested, with MIC values from 0.04 to 0.08 mg mL -1 for Gram-positive bacteria and Candida albicans. However, their inhibitory activities against tested Gram-negative bacteria were rather occasional.
Introduction
Birch (Betula L.) is one of the main arborous plants in the forests of the boreal and temperate zones as well as the mountain regions of the Northern Hemisphere [1] . It belongs to a group of medicinal plants which have been used in traditional medicine since ancient times. Leaves, buds, tar and essential oils are used to treat a wide spectrum of diseases, including inflammations, infections, urinary-tract disorders, skin and hair disorders [2] . The application of birch essential oils in aromatherapy by direct inhalation for respiratory disinfection and against bronchitis has also been reported [3] .
An integral part of folk culture of many nations is the use of steam bath-houses such as Finnish sauna, Russian bath and sweat lodges of American Indians for sanitation (as well as for physical and mental relaxation). According to traditions of northern people, bathing is associated with a particular use of birch: previously steamed in very hot water, bunches of dried leafy, fragrant boughs of birch are used for massage and stewing (intensive stimulation of skin). In this case, the exposure of man to birch volatile and water-extractable compounds results from both inhalation and direct contact [4] . To intensify the effectiveness of inhalation, the water used for steaming of birch boughs is sprinkled onto hot stones from time to time.
In spite of a wide usage of birch in folk and conventional medicine [5] , the existing information on the chemical composition of its tissues is insufficient for medical purposes. The best investigated products are essential oils obtained by hydrodistillation of leaves or buds of Betula species that were the subject of numerous studies [6] [7] [8] [9] [10] . Undoubtedly, birch tissues contain many extractable polar compounds which cannot be isolated by hydrodistillation. On the other hand, some volatile organic compounds (VOCs) can be lost during hydrodistillation. Meanwhile, only few works deal with individual groups of compounds extracted from birch buds and leaves [11, 12] , while there is virtually no information on VOCs which can play a distinctive role in aromatherapy. Biological activity (antibacterial properties, antioxidant capacity, etc.) of a plant material is determined by a mixture of substances with different mechanisms of action, including synergistic interactions. Hence, for medical purposes it is important to investigate the whole complex of these substances.
This communication describes the chemical composition of volatile and extractable compounds from Litwinow birch (Betula litwinowii Doluch.) buds. This birch belongs to species whose essential oils were comprehensively investigated by gas chromatographymass spectrometry [7, 9] . To the best of our knowledge, the volatile and extractable compounds of B. litwinowii buds have not been previously investigated. To isolate as many substances as possible from the plant material, we used headspace solid-phase microextraction (HS-SPME) and successive extraction with solvents of different polarities.
Experimental procedure

Chemicals and equipment
Triterpenoids, dipterocarpol, oleanoic acid, betulinic acid and betulinol, as well as pyridine and bis(trimethylsilyl) trifluoroacetamide (BSTFA) with addition of 1% trimethylchlorosilane were purchased from Sigma-Aldrich (Poznań, Poland). Bud extraction was carried out by diethyl ether and methanol (POCH SA, Gliwice, Poland). The SPME holder and DVB/CAR/PDMS (50/30 µm) fiber used in this study were obtained from Supelco (Bellefonte, PA, USA).
Plant material
Betula litwinowii birch buds were collected at the beginning of October 2012 from the trees planted in the Institute of Dendrology of the Polish Academy of Sciences (Kórnik, Poland). The voucher specimen is kept in this Institute's Herbarium. The collected buds were covered with a layer of dry rubber-like matter (exudate). VOCs composition was investigated within 36 h from the samples collection. The rest of the buds were kept at a temperature of -18 o C until assayed.
HS-SPME determination of VOCs
Freshly harvested buds (1.5 g) were transferred into a head-space vial of 16 mL in volume and immersed into temperature-controlled water bath (40 o C). The septum of screw-cap was picked by the needle protecting the SPME fiber, and the fiber coating was exposed to a headspace gas phase for 50 min. The volatiles collected on the fiber were desorbed by introducing SPME fiber for 10 min into the injection port of the GC-MS apparatus. Analytes were separated and analyzed on a HP 6890 gas chromatograph with the mass selective detector MSD 5973 (Agilent Technologies, USA). This device was fitted with the HP-5MS fused silica column ( C. The EIMS spectra were obtained at 70 eV of ionization energy. Detection was performed in a full scan mode from 29 to 600 a.m.u. To determine the retention times of reference compounds and to calculate linear temperature programmed retention indices (I T ) of separated volatiles, a SPME fiber was inserted for 2-3 s into the vial with mixture of C 5 -C 18 n-alkanes. The separation of alkanes was performed under the above conditions.
Determination of extractable compounds
Buds (1.5 g) were milled and immediately transferred into a retort of 25 mL in volume and extracted by three portions of 15 mL of diethyl ether, constantly stirred. Next, the residue was extracted 3 times with 15 mL of methanol. The duration of each extraction cycle at room temperature was 30 min. The joint ether and methanol extracts were filtered through a paper filter and the solvent was removed on a rotor evaporator. The residue left on the walls was washed out (after its mass had been determined) by 5 mL of diethyl ether or methanol, and 0.5 mL of this solution was put into a vial of 2 mL in volume. After evaporation of the solvent, 220 μL of pyridine and 80 μL of BSTFA were added into the vial. The reaction mixture was sealed and heated during 0.5 h at 60 o C to obtain trimethylsilyl (TMS) derivatives. The whole procedure was performed in triplicate. . Detection was performed in the full scan mode from 41 to 600 a.m.u. After integration, the fraction of each component in the total ion current (TIC) was calculated.
Hexane solution of C 10 -C 40 n-alkanes was separated under the above conditions. Linear temperature programmed retention indices (I T ) were calculated from the results of the separation of this solution and silanized bud extracts.
The method precision was studied by three replicate extractions and analyses. The precision was expressed by relative standard deviation (R.S.D.). The peak areas of the extract components obtained by replicate analyses were used for calculation of their R.S.D. values, which amounted to 9% (ether extracts) and 16% (methanol extracts) in average. Fairly high values of R.S.D. are apparently conditioned by multi-staging procedure of compound extraction.
Component identification
To identify the components, both mass spectral data and the calculated retention indices were used. Mass spectrometric identification was carried out with an automatic system of GC-MS data processing supplied by NIST and home-made mass spectra libraries (the latter contains more than 550 spectra of TMS derivatives prepared from commercial preparations of flavonoids and other phenolics, as well as terpenols). The retention indices of the registered components were compared with those presented in a home-made computer database containing more than 18 000 I T values for more than 5300 compounds. This database contains our previous results [13] [14] [15] [16] [17] and literature data from NIST collection [18] . The identification was considered reliable if the results of computer search at the mass spectra library were confirmed by the experimental I T values, i.e., if their deviation from the home-made database values (I T DB ) did not exceed ±5 u.i.
Microorganisms and culture media
The diethyl ether extracts of buds were tested against a set of microorganisms including bacteria from international 
Results and discussion
Choice of sample preparation procedure
In this work, different groups of components were investigated using different sample preparation procedures. Volatiles emitted from buds into the gas phase were collected by solid phase microextraction (HS-SPME) and determined by GC-MS. Successful application of HS-SPME method is considerably conditioned by the choice of fiber coating. Hence, the preliminary studies were performed to select the SPME fiber. Isolation of volatile compounds was carried out with the help of fibers with 100% polydimethylsiloxane (PDMS-100), Carboxene suspended in PDMS (CAR/PDMS, 85 µm) and dual coating of divinylbenzene and Carboxene (50/30 µm) suspended in PDMS (DVB/CAR/PDMS). Extraction was performed at extraction times from 30 to 70 min, and an extraction temperature 40°C. The best results were obtained for the extraction with DVB/CAR/ PDMS fiber. It was determined, that PDMS-100 fiber absorbs monoterpenes and their oxygenated derivatives well, but does not absorb compounds with low boiling points. Lower alcohols and carbonyl compounds were registered in the same samples with the use of CAR/PDMS fiber. On the other hand, this fiber does not completely return high boiling sesquiterpenoids. It was determined that for selected DVB/CAR/PDMS fiber the extraction time of 50 min was sufficient to reach equilibrium at 40 o C. Extractable components were isolated by successive extraction with two solvents, low polar diethyl ether and high polar methanol. The latter approach allows the exclusion of many uncertainties and erroneous identification caused by "overloading" of the chromatographic column and "overlapping" of chromatographic peaks.
The previous experiments showed that the chromatograms of non-derivatized extracts lacked the peaks of some high boiling and polar compounds, such as sesquiterpene phenylpropenoids, kaempherol and catechine. Besides, some other polyphenols were eluted from a capillary column as broad and overlapping chromatographic peaks which significantly worsened the quality of the chromatograms. Hence, to achieve the above mentioned aims we used derivatization of extracted compounds.
As a result, 50 substances were registered in volatile emissions of buds, ether and methanol extracts contained 80 and 39 compounds, respectively. Each of these fractions overlapped only in a small range. On the whole, the buds showed 150 compounds of different classes. The chromatograms of volatile and extractable compounds of B. litwinowii buds are presented in the Fig. 1 . Below, there are presented the qualitative and averaged semi-quantitative data on the chemical composition of these fractions.
Volatile components of buds
Apart from the semi-quantitative composition (TIC fraction) of birch buds volatiles, Table 1 contains some analytical parameters that were used to confirm the results of identification: I T values, m/z values of the most intensive ions in the mass spectra (in order of decreasing intensity), as well as the mass number of molecular ions M + , if detected in the mass spectra. It can be seen that buds of B. litwinowii emitted into the gas phase mainly (93% of TIC) sesquiterpene compounds, both С 15 Н 24 hydrocarbons and their relatively volatile С 15 Н 24 O and C 15 H 26 O oxygenated derivatives. The analysis revealed that β-caryophyllene (26.6%) and α-humulene (45.0%) were among the major constituents of buds volatiles. The volatiles contained also significant amounts of des-methyl-caryophylla-8(14)-en-5-one (3.9%). For comparison, TIC fraction of 13 monoterpenes is equal to 2.9%.
As seen in the literature data in the last column of Table 1 , the sesquiterpenes form the main fraction of the hydrodistilled essential oil from buds of this birch species. However, the major constituents of the oil are the oxygencontaining compounds: 14-hydroxy-β-caryophyllene (21.9%) and 14-hydroxy-4,5-dihydro-β-caryophyllene (36.8%) [9] . Despite our efforts, we failed to identify three sesquiterpenoids that are presented in the last rows of Table 1 and reported in the cited work.
Extractable components of buds
Averaged (n = 3) relative composition of ether and methanol extracts are presented in Table 2 In addition to the terpenoids of essential oils, ether extracts from B. litwinowii buds contain many polar and high boiling compounds which cannot be distilled with water vapor. A distinguishing feature of the extracts is a high content (38.1% of TIC) of sesquiterpene phenylpropenoids. Esters of cinnamic acids with terpene alcohols belong to phenolic substances which were discovered in the plant kingdom rather late. The first compound from this class of substances, geranyl p-coumarate, was identified in buds of the North American balsam poplar (Populus balsamifera) [19] . Later, the same authors found the second monoterpene phenylpropenoid, geranyl caffeate, in the exudate of Himalayan poplar (P. ciliate) buds, as well as in the "poplar type" propolis collected in Oxfordshire, UK [20] . Russian authors [12] have recently isolated p-coumarates of sesquiterpene alcohols:
6-hydroxy-β-caryophyllene, 14-hydroxy-β-caryophyllene, 14-hydroxy-α-humulene and 9,9-dimethyl-2,5-dimethylenebicyclo[6.2.0] decane-4-methanol from the typical for the Eurasian continent silver birch (Betula pendula) buds.
According to our data, buds of B. litwinowii contained eight sesquiterpene phenylpropenoids. However, the proportion of the triad formed by p-coumarate of 14-hydroxy-β-caryophyllene and by p-coumarates of two 14-hydroxy-4,5-dihydro-β-caryophyllene isomers (previously unknown compounds) was equal to 35% of TIC. It is remarkable that the corresponding alcohols (I T Exp 1729, 1734 and 1760, Table 2 ) are the main components of the sesquiterpenols fraction: they formed about 13% of the total ion current.
Apart from the above mentioned p-coumarates, the ether extracts from B. litwinowii buds demonstrated the presence of other previously unknown phenylpropenoids, esters of ferulic and caffeic acids and caryophyllene-type sesquiterpene alcohols. Their identification was based on the MS data. Fig. 2 presents EIMS spectra of two TMS derivatives of the phenylpropenoid esters found in the buds, 14-hydroxy-β-caryophyllene ferulate and 14-hydroxy-β-caryophyllene caffeate. The main diagnostic ions at m/z 249 and 307 were derived from the phenylpropenoic moieties (as a result of ester bond cleavage) in the spectra of feruloyl and caffeoyl esters, respectively. The loss of acyloxy parts from M + with synchronous H-rearrangement gives rise to additional characteristic ions at m/z 266 and 324 (more comprehensive GC and MS characterization of phenylpropenoids found in plant material, as well as their synthetic analogues is presented by [17] ).
Terpene phenylpropenoids deserve attention, since cinnamic acid esters show antioxidative properties and other biological activities [21] . Experiments on murine macrophage RAW264.7 cells demonstrated that caffeates of two terpene alcohols (geraniol and farnesol) displayed an inhibitory effect on nitric oxide production, which induces inflammation. These phenylpropenoids are also potential cytotoxic agents, thus they may exhibit antitumor activity [22] . Indeed, in vitro experiments showed that synthetic esters of ferulic and caffeic acids have the ability to inhibit the development of colon, gastric and breast cancer cells.
It can be assumed that pharmacological action of phenylpropenoids from B. litwinowii buds may be enhanced due to synergistic interactions of flavonoids. There is much evidence that flavonoids prevent various age/inflammation-related chronic diseases [23] . The fraction of flavonoids extracted by diethyl ether from buds of the investigated birch species is equal to 13.4% of TIC and about 10% of TIC is formed by flavones, mostly by kaempherol derivatives.
The other distinguishing feature of the ether extract is a high content (25% of TIC) of tetra-and pentacyclic triterpenoids of lanosterine and lupane series. Not all triterpenoids can be identified at present by GC-MS owing to the lack of available analytical parameters, electron impact mass spectra and chromatographic retention indices. In our investigation, five commercially available substances were positively identified, tetracyclic β-sitosterol and dipterocarpol, as well as pentacyclic betulinol [lup-20(29)-ene-3α,28-diol], betulinic [3-hydroxylup-20(29)-en-28-oic] acid and oleanolic (olean-12-en-28-oic) acid. Pentacyclic ketone, 28-norolean-17-en-3-one, was identified tentatively from the mass spectral data that were not confirmed by the I T value.
Natural triterpenoids, especially lupane series, have recently attracted the attention of experts in the field of pharmacology due to their anti-inflammatory, antitumor and chemopreventive properties [24, 25] . Betulinic acid was screened in vitro against a panel of human cancer cell lines and showed a strong inhibition against several human melanoma lines; at the same time it displayed a According to [9] . b trace -< 0.01 of TIC. c ? -identified tentatively. Table 1 : Relative composition (% of TIC) of the volatile compounds (according to HS-SPME analysis) and essential oil from Betula litwinowii buds.
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low cytotoxicity on healthy cells [24] . Besides, betulinic and oleanolic acids were found to exhibit strong anti-HIV activity.
The methanol extract from B. litwinowii buds contained predominantly carbohydrates and 79% in the total ion current of the chromatogram was formed by the peaks of α-and β-anomers of fructose and glucose (Table 2) . Biologically active components of this extract were presented by free amino acids and small amounts of vitamins, myo-inositol and α-tocopherol.
It would be interesting to compare the chemical composition of the buds exudates from B. litwinowii and from other representatives of Betula genera. It seems that the exudate composition of the species under investigation is similar to the composition of the extract from Betula pubescens (downy birch) buds which is also very rich in sesquiterpenols, sesquiterpene phenylpropenoids and flavonoids [26] . However, B. pubescens exudates are deprived of the isomers of 14-hydroxy-4,5-dihydrocaryophyllenes and their esters with p-coumaric and ferulic acids (the main components of B. litwinowii buds exudate). From the other side, only B. pubescens buds contain small amounts (0.27-0.97% of TIC) of nor-sesquiterpenoids, birkenal and birkenol. 
Antimicrobial activity
In the present study, the antimicrobial activities of the buds extracts were tested against three groups of microorganisms: Gram-positive bacteria Staphylococcus aureus and Bacillus cereus, Gram-negative bacteria Escherichia coli and Pseudomonas aeruginosa, as well as pathogenic fungi Candida albicans. As can be seen, bud extracts inhibited the tested Gram-positive bacteria and C. albicans, however their inhibitory activity against two Gram-negative bacteria was rather occasional ( Table 3) . The extracts did not inhibit E. coli, but did inhibit P. aeruginosa. Therefore, birch buds extracts may be used in therapy against Gram-positive pathogens and P. aeruginosa. According to our (unpublished) data, the exudate from B. pubescens buds inhibited the latter species with nearly same MIC value (0.04 mg mL -1 ). Most likely, it is explained by the above mentioned similarity in the chemical composition of bud exudates from these birch species. The inhibitory spectra of B. litwinowii buds extracts were compared with the antimicrobial activity of some types of European propolises, known as "natural antibiotics". Surprisingly, in many cases the buds extract demonstrates the lower MIC values than was registered by the authors [27, 28] in their experiments with 70% ethanol extracts of propolises. It may be explained by the fact that ethanol-water extracts of propolis contain rather high (up to 30%) amount of "ballast" substances like sugars, alcohols and sugar acids [29] which do not possess antimicrobial activity.
Although definitive studies of the biological activity of B. litwinowii buds extracts do not appear in the literature, the biological action of many of its constituents is well documented. For example, Pepeljnjak [30] correlated the flavonoid content with activity of propolises against Bacillus subtilis. Hydroxycinnamic acids (p-coumaric, ferulic and caffeic) and their esters are also well known for their antibacterial and antifungal activities [31] . Hence, the above mentioned action of buds extracts against Gram-positive pathogens can be linked with the high content of phenolics: hydroxycinnamic acid derivatives and flavonoids. Flavonoids have been demonstrated to exhibit the broad spectrum of biological activities including antimicrobial action and anti-inflammatory properties resulting from their radical-scavenging action [21] .
Conclusions
1. It seems to be promising to apply the described approach of sample preparation (successive extraction) for screening of extractable compounds of buds of other birch species with a view to search for novel pharmacologically promising natural substances. 2. The obtained experimental material demonstrates that B. litwinowii buds contained a wide range of chemical compounds with well-documented or tentatively assigned biological activities. In spite of the relatively small occurrence of some of these components (for instance, betulinol or betulinic acid), their medicinal effects can be pronounced due to synergistic interaction with other chemicals. 3. The above mentioned exudate covering birch buds (it has a viscous consistency in summer) is a plant precursor of another remedy, propolis. It is known that composition of propolis depends mainly on the local flora. For this reason, it will be interesting to investigate the composition and biological activity of propolis collected by honeybees in the regions of natural spreading of B. litwinowii growing mainly in East-Northern Turkey, North Iran, Caucasus and South Ural [1] . 
